Inhibition of GSK-3beta leading to the loss of phosphorylated MAP-1B is an early event in axonal remodelling induced by WNT-7a or lithium.
WNT-7a induces axonal spreading and branching in developing cerebellar granule neurons. This effect is mediated through the inhibition of GSK-3beta, a serine/threonine kinase and a component of the WNT pathway. Lithium, an inhibitor of GSK-3beta, mimics WNT-7a in granule cells. Here we examined further the effect of GSK-3beta inhibition on cytoskeletal re-organisation. Lithium induces axonal spreading and increases growth cone area and perimeter. This effect is associated with the absence or reduction of stable microtubules in spread areas. Lithium induces the loss of a phosphorylated form of MAP-1B, a microtubule associated protein involved in axonal outgrowth. Down-regulation of the phosphorylated MAP-1B, MAP-1B-P, from axonal processes occurs before axonal remodelling is evident. In vitro phosphorylation assays show that MAP-1B-P is generated by direct phosphorylation of MAP-1B by GSK-3beta. WNT-7a, like lithium, also leads to loss of MAP-1B-P from spread axons and growth cones. Our data suggest that WNT-7a and lithium induce changes in microtubule dynamics by inhibiting GSK-3beta which in turn lead to changes in the phosphorylation of MAP-1B. These findings suggest a novel role for GSK-3beta and WNTs in axonal remodelling and identify MAP-1B as a new target for GSK-3beta and WNT.